A previously healthy 19-year-old girl was admitted to our hospital because of hyperkalemia. Pseudohyperkalemia was diagnosed because there was a marked difference between levels of serum and plasma potassium. Her plasma potassium level was markedly increased after 6-hour in vitro incubation of blood at room temperature, suggesting excessive potassium release from red blood cells without coagulation. The plasma potassium levels of the patient and her father were markedly elevated in blood specimens incubated in vitro at 4°C, but not at 37°C. These data indicated pseudohyperkalemia syndrome caused by abnormal leakage of potassium from red blood cells at the lower temperatures. (Internal Medicine 44: 875-878, 2005) 
Introduction
Hyperkalemia is usually defined as a potassium level of 5.5 mEq/l or higher. Hyperkalemia has been reported to occur in 1.0% to 10% of all hospitalized patients, indicating that is a common finding in clinical medicine (1) . The cause of hyperkalemia is multifactorial, but reduced renal function, medications, and hyperglycemia are the most contributory factors (1) .
We have sometimes encountered patients with hyperkalemia without any major causative factor or any typical sign or symptom, such as paresthesia, muscle weakness, or electrocardiogram abnormalities. Pseudohyperkalemia or factitious hyperkalemia results in an elevated blood potassium level that does not reflect the true potassium value, through potassium release just before or after phlebotomy (1) . Recognition of this disorder is critical because the treat-ment of patients with pseudohyperkalemia could result in dangerous hypokalemia. Here, we describe a patient of pseudohyperkalemia, which results in increased leakage of potassium from red blood cells in vitro, diagnosed as familial pseudohyperkalemia syndrome.
Case Report
In August 2002, a previously healthy 19-year-old girl was referred to our hospital for hyperkalemia (7.0 mEq/l) that had been incidentally identified when she was treated for a cold. On examination, she appeared well without hyperkalemia (her serum potassium level was 3.7 mEq/l). She did not show any laboratory abnormalities on electrocardiogram, urinalysis, renal function, acid-base balance, hematological examination, or adrenal function test. In March 2003, she was again diagnosed as having hyperkalemia (6.0 mEq/l) at another hospital. Thus, she was admitted to our hospital for evaluation of the cause of hyperkalemia on May 8, 2003. She did not have any history of disease and did not take any medications.
On physical examination, she was alert and appeared well-nourished. Her temperature was 36.0°C, pulse rate was 70 beats per minute, respiratory rate was 14 breaths per minute, and blood pressure was 111/60 mmHg. The chest was clear on auscultation, heart sounds were regular, and no murmur was heard. Abdominal examination revealed no abnormalities. No edema of the extremities was found. No neurological abnormalities, such as paresthesia or muscle weakness, were identified.
The laboratory examinations on admission (Table 1) included hematological examination, which revealed no leucocytosis, thrombocytosis or no morphological abnormalities of red blood cells ( Fig. 1 For editorial comment, see p 781.
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within the normal range, but the serum potassium level was slightly elevated (5.6 mEq/l). Plasma glucose was not elevated. No acid-base abnormalities were identified on arterial blood gas analysis. Electrocardiography revealed no signs of hyperkalemia. Endocrinological examination, such as plasma renin activity, aderenocorticotropic hormone, cortisol or aldosterone, revealed no abnormal findings. Lactate dehydrogenase, haptoglobin, and peripheral blood smear were normal. To evaluate the cause of the hyperkalemia, serum and plasma potassium levels were measured simultaneously, and were 5.3 and 4.3 mEq/l, respectively. Thus, potassium might have been released from the patient's red blood cells after phlebotomy. Blood was also drawn into heparinized tubes, allowed to stand at room temperature, and centrifuged and separated at 0 and 6 hours for plasma potassium assays. The plasma potassium levels at 0 and 6 hours were 4.1 and 7.5 mEq/l, respectively, indicating that excessive potassium was released from red blood cells without coagulation.
To confirm this phenomenon, blood samples were obtained from the patient, her father and mother, and three healthy volunteers; informed consent was obtained in writing. The heparinized blood specimens were incubated at 4°C, 25°C, and 37°C, centrifuged, and separated at 0, 2, 4, and 6 hours later. Then plasma potassium levels and lactate dehydrogenase activities were measured.
The plasma potassium levels of the patient were markedly elevated in the samples incubated at 4°C and 25°C, but not in those incubated at 37°C ( Table 2 ). The plasma potassium levels of her father were also elevated at 4°C and 25°C, and particularly at 4°C. In contrast, the plasma potassium levels of her mother and three healthy volunteers showed no marked changes at 25°C and 37°C, but were slightly increased at 4°C. Lactate dehydrogenase activities in plasma remained constant (Table 2 ) and no plasma color changes were observed in all samples; thus substantial hemolysis did not occur during in vitro incubation.
These results, temperature-dependent and dominantly inherited pseudohyperkalemia, closely resemble those reported by Stewert et al (2) ; thus, we determined the hyperkalemia in this case as due to familial pseudohyperkalemia syndrome. We explained these results to her and her parents, and she was then discharged.
Discussion
The present patient was incidentally found to have hyperkalemia without any symptoms on routine laboratory examination. Her history, physical examination, and initial laboratory test failed to reveal any apparent cause for the elevation of serum potassium level. Moreover, our patient presented a marked difference between the serum and plasma potassium levels, indicating that she had pseudohyperkalemia (1) .
A common cause of pseudohyperkalemia is mechanical trauma during venipuncture, resulting in the release of potassium from red blood cells, and the serum shows a characteristic reddish tint because of the concomitant release of hemoglobin from red blood cells. In the present case, neither serum color change nor elevation of serum lactate dehydrogenase activity was found, indicating that there was no hemolysis during venipuncture. Pseudohyperkalemia is also seen with prolonged used of tourniquet or fist clenching during venipuncture, which causes the release of potassium from skeletal muscle to venous blood. The present patient, however, had a discrepancy between serum and plasma potassium levels, suggesting that the elevation of the potassium level occurred in vitro. Potassium also moves out of white blood cells and platelets after clotting has occurred; thus, the potassium concentration of serum is normally 0.1-0.5 mEq/l greater than that measured in a plasma sample. Severe hyperkalemia as high as 9 mEq/l has been reported to be found in patients with marked leukocytosis or thrombocytosis (3, 4) . The present patient showed no abnormalities on hematological examination; thus the release of potassium during clotting was excluded.
Furthermore, we measured the plasma potassium levels after prolonged in vitro incubation of blood at various temperatures in this case. The marked rises of plasma potassium were observed in our patient and her father during blood incubation at 4°C, but not at 37°C. Thus we diagnosed this case as a familial pseudohyperkalemia. The familial pseudohyperkalemia syndrome was first described by Stewart et al (2) . This syndrome is reported as an autosomal dominant inherited disorder. The red blood cells of affected individuals are reported to be abnormally leaky to potassium when incubated at low temperatures, and the amount of the leakage increases as the temperature is lowered, particularly below 20°C (5) . Conversely, the potassium efflux in vitro at 37°C is normal. It is reported that these abnormalities are caused by increased passive potassium leakage at low temperatures, not by changes in Na-K-ATPase activity (5) . An alteration in the structure of the plasma membrane of red blood cells is thought to influence the temperature sensitivity of its permeability properties of potassium in familial pseudohyperkalemia. The temperature-dependent leakage of potassium out of red blood cells in vitro also occurs in hereditary spherocytosis (6) . The present patient showed normal red blood cell morphology and no hemolytic anemia, indicating that she did not have those conditions. These syndromes, familial pseudohyperkalemia and hereditary stomatocytosis, map to the same locus, 16q23-ter, but the product of this gene has not been identified (7) . The incidence of familial pseudohyperkalemia is unknown. Several families with this syndrome have been reported from Europe (2, (7) (8) (9) . Its occurrence must certainly be underestimated because it is asymptomatic and is always found accidentally. To our knowledge, our patient is the first case of familial pseudohyperkalemia reported from Japan. The plasma potassium levels of the patient's father did not markedly increase with in vitro incubation at room temperature. When we incubated the father's blood only at room temperature, we might judge that his plasma potassium levels did not change; thus we could not make a correct diagnosis. Therefore we recommend the lower incubation temperatures, i.e., less than 20°C, for screening for this syndrome, as described by Leadbeatter and O'Dowd (10) .
Hyperkalemia is a critical condition, which sometimes requires immediate medical intervention. It is important to exclude factitious hyperkalemia before treatment, because treating patients with this condition might cause severe hypokalemia and could potentially be dangerous. There is the converse risk of the masking of a true hypokalmeia, par-ticularly in a patient taking diuretics or digitalis. Indeed, Vaidya et al have reported overzealous correction for a patient with this familial pseudohyperkalemia before the correct diagnosis could be made (11) . Although this familial pseudohyperkalemia syndrome is a rare cause of hyperkalemia, clinicians should be alerted to the differential diagnosis for this condition.
